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,QWURGXFWLRQ
,Q RUGHU WR IXOO\ H[SORLW QHZ IUHHGRP LQ GHVLJQ DQG WR DFKLHYH D VLJQLILFDQW LQFUHDVH RI HQHUJ\
HIILFLHQF\WKHWKLUGJHQHUDWLRQRIHOHFWULFYHKLFOHV(9VUHTXLUHVGHGLFDWHGDUFKLWHFWXUHV7KHFRQVRUWLXP
RI WKH MRLQW(XURSHDQ UHVHDUFKSURMHFW(/9$±$GYDQFHG(OHFWULF9HKLFOH$UFKLWHFWXUHV LV GHYHORSLQJ
XQWLO PLG WKUHH GHWDLOHG YHKLFOH FRQFHSWV ZKLFK DUH LQWHQGHG WR QRW RQO\ PHHW DOO WHFKQLFDO
UHTXLUHPHQWVEXWHVSHFLDOO\WDNHFXVWRPHUSUHIHUHQFHVGLUHFWO\LQWRDFFRXQW
$LPLQJ DW VHULHV DGRSWLRQ LQ  D FRPSUHKHQVLYH IRUHFDVW RI WHFKQRORJ\ RSWLRQV DQG PDUNHW
UHTXLUHPHQWV LV FDUULHG RXW 7KLV LQFOXGHG SDUWLFXODUO\ WKH LQGHSWK DQDO\VLV RI FXVWRPHU UHTXLUHPHQWV
ZKLFKDUH LQYHVWLJDWHGEDVHGRQVWXGLHVDQG2(0LQWHUQDO LQIRUPDWLRQEXWDOVRRQD ODUJHVFDOHSXEOLF
FXVWRPHUVXUYH\,QWKHVHFRQGSKDVHWKHVHUHTXLUHPHQWVDUHEURXJKWLQOLQHZLWKWHFKQRORJ\RSWLRQVE\
LQQRYDWLYHDUFKLWHFWXUHV IRFXVVLQJRQXUEDQ(9V7RFRPSOHPHQW WKHH[SHUWLVHZLWKLQ WKHFRQVRUWLXPD
SXEOLF GHVLJQ FRQWHVW LV RUJDQLVHG DOORZLQJ GHVLJQHUV WR SUHVHQW WKHLU LGHDV IRU IXWXUH XUEDQPRELOLW\
%DVHGRQDQDVVHVVPHQWRIDOO LGHDVDQGRSWLRQV WKUHHGHGLFDWHGYHKLFOHFRQFHSWVZLOOEHGHYHORSHG LQ
GHWDLOHQDEOLQJRSWLPLVDWLRQDQGDVVHVVPHQWRIDOOUHOHYDQWYHKLFOHIHDWXUHV)LJ

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)LJ(/9$DSSURDFK
7KHILUVWSKDVHRIWKHSURMHFWRIIHUVDZLGHRYHUYLHZRIWHFKQRORJ\RSWLRQVDQGFXVWRPHUH[SHFWDWLRQV
IRU  DQGEH\RQG ,QQRYDWLYH FRQFHSW LGHDV DQGGHVLJQVZLOO EHGHYHORSHGRQ WKLV EDVLV DSSO\LQJ D
SURFHVV IRU DFFHOHUDWHG DUFKLWHFWXUH GHYHORSPHQW 7KLV UHSUHVHQWV D YDOXDEOH FRQWULEXWLRQ WR WKH
FKDOOHQJHVWKHDXWRPRWLYHLQGXVWU\LVIDFLQJGXULQJWKHGHYHORSPHQWRIIXWXUHJHQHUDWLRQVRI(9V
+RZHYHU WHFKQRORJ\ RSWLRQV HJ EDWWHULHV DQG HOHFWULFPRWRUV DQG FXVWRPHU H[SHFWDWLRQV DUH VWLOO
GLIILFXOW WR IRUHFDVW 2Q WKH WHFKQRORJ\ VLGH VXEVWDQWLDO LPSURYHPHQWV HVSHFLDOO\ UHJDUGLQJ EDWWHU\
FDSDFLW\VL]HDQGZHLJKWDUHH[SHFWHG&XVWRPHUUHTXLUHPHQWVKRZHYHUDUHYHU\PXFKOLQNHGWRWKHXVH
FDVHVFXUUHQWFRQYHQWLRQDOFDUVDUHRIIHULQJHVSHFLDOO\ZKHQ LWFRPHV WR WKHGHVLUHGUDQJH7KLVKDVD
FOHDU LPSDFW RQ IXWXUH HOHFWULF YHKLFOHV EXW FDQQRW EH IXOO\ SUHGLFWHG \HW (/9$ LV WKH ILUVW (XURSHDQ
SURMHFWZKLFKLVGHGLFDWHGWRVSHFLILFYHKLFOHDUFKLWHFWXUHVIRUXUEDQ(9V(VSHFLDOO\WKHLQFRUSRUDWLRQRI
FXVWRPHU UHTXLUHPHQWV EDVHG RQ D SDQ(XURSHDQ VXUYH\ DQG WKH SXEOLF GHVLJQ FRPSHWLWLRQ PXVW EH
HPSKDVL]HGLQWKLVFRQWH[W
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'ULYLQJ)RUFHVDQG6RFLHWDO6FHQDULRV
,Q RUGHU WR XQGHUVWDQG WKHPRVW LPSRUWDQW GULYLQJ IRUFHV IRU IXWXUH YHKLFOH GHVLJQ DERXW  UHSRUWV
KDYH EHHQ VWXGLHG GHDOLQJ DPRQJ RWKHUV ZLWK IXWXUH VRFLHWDO VFHQDULRV 0RVW RI WKHVH UHSRUWV DUH
SUHGLFWLRQV DQG H[WUDSRODWLRQV IRU  EDVHG RQ WRGD\¶V VRFLHW\ DQG WHFKQRORJ\ ZKLOH D IHZ
UHSRUWVDUHGHVFULSWLRQVRIVFHQDULRVIRU7KHPDLQSXUSRVHRIWKLVDQDO\VLVZDVWRVXPPDULVH
DQG VWUXFWXUH WKHPDWHULDO DQG LGHQWLI\ DQDO\VH DQG GHILQH WKHPDLQ GULYLQJ IRUFHV DVZHOO DV GHVFULEH
EDVLFLQWHUDFWLRQVDQGVRPHRIWKHUHODWLRQVEHWZHHQWKHVHGULYLQJIRUFHV
7KHUHSRUWVVWXGLHGDUHYHU\FRQVLVWHQWUHJDUGLQJWKHGULYLQJIRUFHVSRSXODWLRQDQGHFRQRPLFJURZWK
GHPRJUDSKLFDO FKDQJHV XUEDQLVDWLRQ DQG WKH GHYHORSPHQW RI PHJD FLWLHV $FFRUGLQJ WR WKH 81
(XURSHDQ&RPPLVVLRQ  EHWZHHQ QRZDQG WKHZRUOGSRSXODWLRQZLOO LQFUHDVHE\ WR
UHDFKELOOLRQLQKDELWDQWVELOOLRQWRGD\RIWKLVJURZWKZLOORFFXULQWKHGHYHORSLQJFRXQWULHV
$VLD DQG $IULFD DQG LW LV H[SHFWHG WKDW WKH TXDQWLW\ RI JRRGV QHHGHG WR VHUYH WKH ZRUOG
V UDSLGO\
JURZLQJ JOREDO SRSXODWLRQ ZLOO LQFUHDVH RYHU WKH QH[W \HDUV 7KH LQFUHDVHG GHPDQG RI HQHUJ\ DQG
RWKHU UHVRXUFHV ZLOO IROORZ HVSHFLDOO\ LQ &KLQD $OPRVW DOO UHSRUWV VWXGLHG HVWLPDWH WKDW WKH HQHUJ\
GHPDQG DQG WKH &2 HPLVVLRQV ZLOO FRQWLQXH WR LQFUHDVH E\  $FFRUGLQJ WR ,($ ,QWHUQDWLRQDO
(QHUJ\$JHQF\LQWKHZRUOGHQHUJ\GHPDQGZLOOKDYHLQFUHDVHGE\FRPSDUHGWR
DQGLWLVHVWLPDWHGWKDWIURPQRZWRFRDOFRQVXPSWLRQLQSDUWLFXODUIRUSRZHUVWDWLRQVLQ&KLQDDQG
,QGLDZLOOLQFUHDVHE\PRUHWKDQ
6HYHUDO UHSRUWV HPSKDVLVH D FRPPRQ FRQFHUQ UHJDUGLQJ FOLPDWH FKDQJH FRQJHVWLRQV OLPLWHG
UHVRXUFHVDQGVDIHW\DQGVHFXULW\,QWKH(8DQG*OHDGHUVDJUHHGWKDW&2HPLVVLRQVPXVWEHFXW
E\E\LIDWPRVSKHULF&2LVWRVWDELOLVHDW330±DQGJOREDOZDUPLQJVWD\EHORZWKHVDIH
OHYHO & %XW   GHFDUERQLVDWLRQ RYHUDOO E\  PD\ DFFRUGLQJ WR 0F.LQVH\ UHTXLUH  
GHFDUERQLVDWLRQ RI WKH URDG WUDQVSRUW VHFWRU ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ $FKLHYLQJ WKH  UHGXFWLRQ PHDQV D WUDQVLWLRQ WR D QHZ HQHUJ\ V\VWHP ERWK LQ WKH ZD\
HQHUJ\LVXVHGDQGLQWKHZD\LW LVSURGXFHG7KHVFHQDULRUHSRUW(XURSHDQ&OLPDWH)RXQGDWLRQ
FRQFOXGHVWKDW LW LVSRVVLEOHWRIXOILO WKHUHGXFWLRQE\DQGSURYLGHVDURDGPDSVFHQDULRIRU
WKLV )RU WKH WUDQVSRUW VHFWRU DV ZHOO DV IRU WKH SRZHU VHFWRU WKLV LPSOLHV GHFDUERQLVDWLRQ E\ 
ZLWKRXWQHJDWLYHHIIHFWVRQVDIHW\
,PSRUWDQW DVSHFWV RI D VXVWDLQDEOH WUDQVSRUWDWLRQ VROXWLRQ DUH HQHUJ\ HIILFLHQF\ UHGXFWLRQRI OLPLWHG
UHVRXUFHVXVHGDIXHOVKLIWDQGDWUDQVLWLRQWRZDUGUHQHZDEOHHQHUJ\UHVRXUFHVRQDOLIHF\FOHEDVLV7R
DFKLHYH WKLV WKUHH LPSRUWDQW GULYLQJ IRUFHV DUH QHFHVVDU\  7HFKQRORJ\ GHYHORSPHQW YHKLFOHV
EDWWHULHVLQIUDVWUXFWXUHDQG,&73ROLWLFDOLQFHQWLYHVGLVLQFHQWLYHVDQGOHJLVODWLRQVDQG&XVWRPHU
DQGLQGLYLGXDOV¶EHKDYLRXUYDOXHVDQGDWWLWXGHV
0RVW UHSRUWV DUJXH WKDW WKH PDUNHW SHQHWUDWLRQ RI HOHFWULFDO YHKLFOHV LV DQ LPSRUWDQW SDUW RI WKH
VROXWLRQEXWLWFDQEHVHHQWKDWWKHSHQHWUDWLRQRI(9VRQWKHPDUNHWZLOOVWLOOEHTXLWHPRGHVWE\
7KHZRUOGPDUNHWRISXUH(9VLVHVWLPDWHGLQWREHDERXWDQGDERXWLQ&KLQDRIQHZ
YHKLFOHV VROG $Q LPSRUWDQW WHFKQRORJ\ GULYLQJ IRUFH LV WKH GHYHORSPHQW RI UHOLDEOH VDIH OLJKW DQG
DIIRUGDEOHEDWWHULHV7KHEDWWHU\SULFHVDUHH[SHFWHGWREHKDOYHGE\'HXWVFKH%DQN7KHUH
DUHVHYHUDOQHZEXVLQHVVPRGHOLQLWLDWLYHVWRFRPSHQVDWHIRUWKHKLJKSULFHVOLNH%HWWHU3ODFH,QIRUPDWLRQ
	&RPPXQLFDWLRQ7HFKQRORJ\,&7LVLQPDQ\UHSRUWVUHJDUGHGDVDYHU\LPSRUWDQWWHFKQRORJ\HQDEOHU
ERWKUHJDUGLQJVDIHW\DQGHIILFLHQF\HJORJLVWLFDSSOLFDWLRQVDQGVXVWDLQDEOHPDQDJHPHQWV\VWHPV,&7
LVDOVRDQHQDEOHURIHIILFLHQWSRZHUUHJXODWLRQV\VWHPDQGWKHHQHUJ\SD\PHQWV\VWHP
7KHGHYHORSPHQWRI WKHIXWXUH(9PDUNHW LVH[SHFWHG WREHKLJKO\GHSHQGHQWRQSROLWLFDO LQFHQWLYHV
DQG UHJXODWLRQV WKDW ZLOO KDYH D VWURQJ LPSDFW RQ FXVWRPHU¶V FKRLFH IRU WUDQVSRUWDWLRQ VROXWLRQV
7UDGLWLRQDO FULWHULD VXFK DV SULFH UHOLDELOLW\ DQG EUDQG DUH H[SHFWHG WR KDYH PXFK OHVV LPSDFW LQ WKH
GHFLVLRQSURFHVVRIWKHIXWXUHFRQVXPHU,QGLYLGXDOYDOXHVDWWLWXGHVDQGOLIHVW\OHZLOODOVRKDYHDVWURQJ
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LQIOXHQFH QRW RQO\ RQ WKH SURGXFW DQG VHUYLFHV VHOHFWHG EXW DOVR RQ WKH FRPSDQLHV DQG WKH EXVLQHVV
RSHUDWLRQ LWVHOI $FFRUGLQJ WR PDQ\ UHSRUWV VXVWDLQDELOLW\ HFRDZDUHQHVV DQG FRUSRUDWH VRFLDO
UHVSRQVLELOLW\ ZLOO PDWWHU PRUH DQG PRUH DQG LW LV SUREDEO\ LQ WKH HPHUJHQW DUHDV WKDW FKDQJHV LQ
GHPRJUDSKLFVDQGFRQVXPHUEHKDYLRXUVFRXOGKDYHWKHPRVWVLJQLILFDQWLPSDFW
/DUJHVFDOHLPSOHPHQWDWLRQRIURDGSULFLQJURDGWROOVDQGFRQJHVWLRQFKDUJHVDUHIRUHVHHQDVZHOODV
DFWLRQVRQSURJUHVVLYHO\WLJKWHQLQJHPLVVLRQVWDQGDUGVWHFKQRORJ\GHYHORSPHQWSURJUDPVDQGVWDQGDUGV
GHYHORSPHQW IRU FKDUJLQJ LQIUDVWUXFWXUH 2QH WKLQJ LV TXLWH REYLRXV XVHUV DQG FRPSDQLHV VKRXOG EH
SUHSDUHGWRSD\PRUHIRUXVLQJWUDQVSRUWLQWKHIXWXUH
0RVW EXVLQHVVHV WRGD\ KDYH ORQJWHUP VWUDWHJLHV LQ SODFH ZKLFK DUH EDVHG RQ WKH PRVW OLNHO\
IRUHVHHDEOH IXWXUH GHYHORSPHQWV EXW FRQWLQJHQF\ SODQQLQJ EDVHG RQ GLIIHUHQW VFHQDULRV LV JDLQLQJ
LPSRUWDQFH HVSHFLDOO\ LQ WLPHV ZKHUH SDUDGLJP VKLIWV DUH OLNHO\ ([WUHPH VFHQDULRV FDQ KHOS EURDGHQ
GHFLVLRQPDNHUV¶DZDUHQHVVRIIXWXUHGHYHORSPHQWVZKLFKDUHQRWYHU\OLNHO\EXWZKLFKFRXOGSRWHQWLDOO\
KDYHDIXQGDPHQWDOLPSDFWRQWKHLQGXVWU\RURQVSHFLILFFRPSDQLHV)RULQVWDQFHSROLWLFLDQVLQVRFDOOHG
VPDUWFLWLHVPLJKWOHJLVODWHWKDWRQO\]HURHPLVVLRQYHKLFOHVDUHSHUPLWWHGWRGULYHLQFHQWUDOFLWLHVHFR
FLWLHV7KLVZRXOGSUREDEO\KDYHDKXJHLPSDFWRQWKH(9PDUNHW7KHUHIRUHLWLVQRWRQO\WKHVFHQDULRV
WKHPVHOYHVWKDWDUHLPSRUWDQWEXWDOVROHDUQLQJDERXWWKHVRFLHWDODQGWHFKQRORJ\GULYLQJIRUFHVDQGKRZ
WKH\UHODWHWRHDFKRWKHUDQGE\WKDWEHSUHSDUHGIRUWKHQRQH[SHFWHG
2QH LQWHUHVWLQJ ILQGLQJ LQ WKLV VWXG\ LV WKH JDS EHWZHHQ WKH VRFLHW\ SUHGLFWHG E\  DQG WKH
H[SORUDWLYH VRFLHW\ DQG(8 WDUJHWV E\7KHUH LV D VWURQJXQFHUWDLQW\ LQ WKH FRPLQJ \HDUV DQG WKH
DXWRPRWLYH LQGXVWU\ ZLOO SUREDEO\ KDYH WR UHVKDSH WKHLU FRPSOHWH EXVLQHVV 7KH DXWRPRWLYH LQHUWLDO
WUDQVLWLRQSDFH LPSOLHV WKDW WUDQVLWLRQDFWLYLWLHVKDYH WR VWDUWQRZ LQRUGHU WRHQVXUHD UHDOLVWLFSDWKZD\
WRZDUGVDFKLHYLQJWKHJUHHQKRXVHJDVUHGXFWLRQE\7KHIRXUH[WUHPHVFHQDULRVGHILQHGLQWKH
6(96SURMHFW 6$)(56+& PLJKW EH JRRG WR XVH DV D UHIHUHQFH SODWIRUPZKHQ GLVFXVVLQJ WKH
WLPHIUDPHDQGWKHDFWLRQVWRWDNH$OWKRXJKWKHDFWLRQVWDNHQRUUDWKHUQRWWDNHQWRGD\\HDUZLOO
HIIHFWDQGVKDSHWKHIXWXUHVRFLHW\DQGWKHVXVWDLQDEOHURDGWUDQVSRUWVROXWLRQVE\
7HFKQRORJ\)RUHFDVW
)XWXUHJHQHUDWLRQVRIHOHFWULFYHKLFOHVDUHRIIHULQJJUHDWRSSRUWXQLWLHVEXWDUHDOVRIDFLQJVLJQLILFDQW
FKDOOHQJHV)RUWKHGHYHORSPHQWRIQH[WJHQHUDWLRQDUFKLWHFWXUHVIRUXUEDQ(9VDGHHSXQGHUVWDQGLQJRI
WHFKQRORJLHVDYDLODEOHDWWKHDQWLFLSDWHGVWDUWRISURGXFWLRQ623DQGEH\RQGLVFUXFLDO
,QRUGHUWRFRPHWRDFRPSUHKHQVLYHWHFKQRORJ\IRUHFDVWIRUDQGEH\RQGQXPHURXVUHSRUWVDQG
VWXGLHV KDYH EHHQ DQDO\VHG 7KH\ FRPPRQO\ GHVFULEH WKH GHYHORSPHQW RI UHOLDEOH VDIH OLJKW DQG
DIIRUGDEOH EDWWHULHV EHLQJ D FUXFLDO GULYLQJ IRUFH IRU (9V 7KLV LV LQ OLQH ZLWK FRPPRQ XQGHUVWDQGLQJ
DPRQJDOOH[SHUWVWKDWKDVHYROYHGRYHUWKHSDVW\HDUV
7KHIROORZLQJVXEFKDSWHUVEULHIO\GHVFULEHWKHWHFKQRORJ\RSWLRQVDVWKH\KDYHEHHQLGHQWLILHG7KH
UHODWHGSURMHFWGHOLYHUDEOH/HVHPDQQHWDOJLYHVDQHYHQGHHSHULQVLJKWLQWKHILQGLQJV
/LJKW:HLJKW'HVLJQ
0DWHULDOVDQGGHVLJQDUHNH\WHFKQRORJLHVLQWKHDXWRPRWLYHLQGXVWU\%HVLGHVWKHDGYDQFHPHQWLQVWHHO
ERG\ GHVLJQ VKRUW DQG PHGLXPWHUP FRQVWUXFWLRQ PHWKRGV ZLWK ILEUH UHLQIRUFHG KLJK SHUIRUPDQFH
SODVWLFVDQGPXOWLPDWHULDOGHVLJQZLOOEHDEOHWRSOD\DQLPSRUWDQWUROHLQDORQJWHUP.RSSHWDO
)RUHOHFWULFYHKLFOHVGXHWRWKHZHLJKWDQGYROXPHRIWKHEDWWHULHVDQGWKHVXEVWLWXWLRQRIPHFKDQLFDO
GULYHWUDLQWKHERXQGDU\FRQGLWLRQVIRUOLJKWZHLJKWDUFKLWHFWXUHKDYHFRPSOHWHO\FKDQJHG7KHFKDOOHQJHV
LQ OLJKWZHLJKW GHVLJQ IRU LQQRYDWLYH YHKLFOH FRQFHSWV DUH DPSOLILHG DQG WKH LPSRUWDQFH RI OLJKWZHLJKW
GHVLJQLQFUHDVHVGXHWRWKHVLJQLILFDQWLQIOXHQFHRIWKHEDWWHU\RQWKH(9¶VUDQJH
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)XUWKHUPRUH WKH LQWHJUDWLRQ RI WKH EDWWHU\ V\VWHP HQDEOHV QHZ SRVVLELOLWLHV IRU OLJKWZHLJKW GHVLJQ
'UHVVOHU'HSHQGLQJRQWKHQXPEHURISLHFHVSURGXFHGDVVHHQHDUOLHUDQDSSURDFKFRQVLVWLQJRI
LQWHJUDWLQJ WKH EDWWHU\ V\VWHP LQ D WXEHLQWHQVLYH IORRU SDQHO FRPELQHG ZLWK D IUDPH ORDGEHDULQJ
VWUXFWXUHZLWKQRQVWUHVVHGSDQHOVFRXOGEHSUDFWLFDEOH
%HVLGHV WKH PHFKDQLFDO SURSHUWLHV WKH FKRLFH IRU OLJKW ZHLJKW PDWHULDOV GHSHQGV RQ H[SHFWHG
SURGXFWLRQYROXPHPDUNHWVPDWHULDODYDLODELOLW\YHKLFOHXVHFXVWRPHUVDQGSHUIRUPDQFHFRVWEDODQFH
,W PXVW EH PHQWLRQHG WKDW WKH MRLQLQJ WHFKQRORJ\ RI WKH YDULRXV SDUWV VWLOO LV D ELJ FKDOOHQJH ZKLFK
UHTXLUHVVLJQLILFDQWUHVHDUFKHIIRUWVLQSDUWLFXODULQWKHILHOGRIMRLQLQJGLVVLPLODUPDWHULDOV
(0&
(OHFWURPDJQHWLF &RPSDWLELOLW\ (0& DQG H[SRVXUH WR HOHFWURPDJQHWLF ILHOGV (0) DUH WZR
WHFKQRORJ\DUHDVWKDWZLOOKDYHLQFUHDVLQJLPSRUWDQFHLQWKHDXWRPRWLYHLQGXVWU\(0&ZLOOEHDIIHFWHG
E\VHYHUDOWUHQGVLQFUHDVHGQXPEHURIHOHFWURQLFXQLWVKLJKYROWDJHVZLWFKLQJDQGQRQPHWDOOLFPDWHULDOV
LQWKHVWUXFWXUHRIWKHYHKLFOH(0&LVDSURSHUW\LQDYHKLFOHWKDWQRUPDOO\LVXQQRWLFHG7KHGULYHURQO\
UHFRJQLVHV LW ZKHQ WKHUH LV D SUREOHP +RZHYHU LI WKHUH LV D SUREOHP LW PD\ EH FRVWO\ DQG WLPH
FRQVXPLQJ WR IL[ LW ,W LV WKHUHIRUH RI KLJK LPSRUWDQFH WR NHHS (0& LQPLQG IURP WKH EHJLQQLQJ LQ D
GHYHORSPHQWSURMHFW
0HWKRGVIRUYLUWXDODVVHVVPHQWFDQJLYHJRRGLQIRUPDWLRQDERXWWKHJHQHUDO(0&DQG(0)TXDOLW\RI
VXEV\VWHPVDQGYHKLFOHVDQGHVSHFLDOO\DWHDUO\VWDJHVEHIRUHWKHV\VWHPVKDYHEHHQEXLOWDQGWRDVVHVV
OLPLWHG FKDQJHV LQ H[LVWLQJ GHVLJQV EXW WKH ILQDO YHUGLFWPXVW VWLOO FRPH IURPPHDVXUHPHQW ,&1,53

7KHUHLVVWLOOQRFRQVHQVXVRQWKHULVNVZLWKORQJWLPHH[SRVXUHRIHOHFWURPDJQHWLFILHOGV%XWHYHQLI
WKHULVNLVORZWKHUHLVVWLOODSXEOLFFRQFHUQWKDWQHHGVWREHDGGUHVVHG5HGXFLQJWKHILHOGOHYHOVIRUWKH
RFFXSDQWVLQWKHYHKLFOHVLVKHQFHLPSRUWDQW
(OHFWULF6WRUDJHDQG'ULYH7UDLQ7HFKQRORJ\
)XWXUH(9VZLOOEHGLIIHUHQWIURPWRGD\¶VFDUVLQVHYHUDOZD\V7KLVUHTXHVWVDQRYHUDOORSWLPLVDWLRQRI
HIILFLHQF\DQGUHOLDELOLW\RIWKHGULYHWUDLQZLWKUHJDUGWR%DWWHU\WHFKQRORJ\WKDWPXVWEHDIIRUGDEOH
OLJKWZHLJKWDQGUHOLDEOH&KDUJLQJWKDWKDVWREHVWDQGDUGLVHGDQGHDV\WRKDQGOH6HOHFWHGSRZHU
WUDLQDUUDQJHPHQWWKDWKDVWREHRSWLPLVHGDQGPDWFKHGZLWKWKHEUDNHDVZHOODV,QWHOOLJHQWWKHUPDO
PDQDJHPHQWWKDWNHHSVWKHHIILFLHQF\RIWKH(9RQDKLJKOHYHO
7KHVHWRSLFVDUHUHVSRQVLEOHIRUDVXFFHVVIXOLQWURGXFWLRQRI(9VLQQHDUIXWXUHDQGWKH\RSHQXSQHZ
RSSRUWXQLWLHVDQGGHJUHHVRIGHVLJQIUHHGRPZKLFKHQDEOHDQGUHTXLUHQHZYHKLFOHFRQFHSWV
,Q D KROLVWLF DSSURDFK WKH LQWHOOLJHQW LQWHUDFWLRQ EHWZHHQ WKH GRPDLQV SRZHU WUDLQ EUDNH DQG
QDYLJDWLRQLVDEVROXWHO\QHFHVVDU\)XWXUH(9FRQFHSWVPXVWUHVSHFWVXFKDQDSSURDFKDQGSUHVXPHWKH
DYDLODELOLW\RIWKHWHFKQRORJLHVDQGWKHLULQWHUDFWLRQ
:LWKFXUUHQWYHKLFOHERG\QRWLVRODWHGLWLVQRWVXIILFLHQWWRGHYHORSDKHDWLQJV\VWHPRQO\EDVHGRQD
WKHUPDOPDQDJHPHQW7KHUPDOFRPIRUWDQGHIILFLHQF\FDQRQO\EHSURYLGHGE\DQHIIHFWLYHVROXWLRQZLWK
DJRRGWKHUPDOSURWHFWLRQRIYHKLFOHPRWRUFRPSRQHQWVDQGSDVVHQJHUFRPSDUWPHQW
%UDNH7HFKQRORJ\
7KHEUDNHV\VWHPPXVWEHDEOHWRUHFXSHUDWHHQHUJ\%\SXUHIULFWLRQEUDNLQJQRUPDOO\DKLJKDPRXQW
RIHQHUJ\LVGLVVLSDWHGLQWRKHDWDQGFDQQRWEHXVHGZLWKLQWKHYHKLFOHDQ\PRUH%\DQLQWHOOLJHQWVROXWLRQ
126   Micha Lesemann et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  121 – 132 
SDUW RI WKLV HQHUJ\ FDQ EH UHF\FOHG XVLQJ WKH HOHFWULF PRWRUV DV JHQHUDWRUV %\ WKHVH PHDQV D
ORQJLWXGLQDOPRWLRQFRQWUROIRURSWLPL]HGHQHUJ\FRQVXPSWLRQLQDQ(9LVIHDVLEOH
7KHEUDNHIRUFHJHQHUDWLRQKDVWRSURYLGHDPDQDJHPHQWEHWZHHQIULFWLRQDQGHOHFWULFDOUHJHQHUDWLYH
EUDNLQJGHSHQGLQJRQWKHLQGLYLGXDOVLWXDWLRQOLNHVRIWVWRSHPHUJHQF\EUDNLQJ$OVRDVPRRWKWUDQVIHU
EHWZHHQ IULFWLRQDQG UHJHQHUDWLYHEUDNLQJ LV WREHJXDUDQWHHG7KLV LV DFKLHYHGE\RSWLPDOEOHQGLQJRI
HOHFWULFDO DQG PHFKDQLFDO EUDNH WRUTXHV $ ELJ FKDOOHQJH LV WKH SHUIHFW KDQGOLQJ RI WKH EDVLF EUDNH
IXQFWLRQE\UHFXSHUDWLQJHQHUJ\RXWRIWKHPRYHPHQWGHFHOHUDWLRQRIWKHIXOO\HOHFWULFYHKLFOHDQGWRXVH
WKHIULFWLRQEUDNHRQO\ IRU³KDUGVWRSV´RUHPHUJHQF\VLWXDWLRQV7KHVZLWFKIURPRQHUHFXSHUDWLRQ WR
WKHRWKHUIULFWLRQPRGHPXVWEHWDNHQE\WKHV\VWHPLWVHOIZLWKLQVKRUWHVWWLPHDQGZLWKRXWHUURUHJ
ZLWKRXW DQ\ QHJDWLYH LPSDFW RQ VDIHW\ VWRSSLQJ GLVWDQFH YHKLFOH VWDELOLW\ DQG GULYHU¶V SHUFHSWLRQ RU
LQIOXHQFHQRKHDY\SHGDOLPSOLFDWLRQV
$GGLWLRQDOO\E\WKHHOHFWULILFDWLRQRIWKHEUDNHV\VWHPLQFOXGLQJWKHDFWLYHFRQWURORIHOHFWULFDOGULYH
PRWRUVVROXWLRQVVXPPDUL]HGE\³EUDNHE\ZLUH´V\VWHPVPD\RSHQIXUWKHURSWLRQVWRZDUGVDFWLYHVDIHW\
LQ WHUPV RI DGYDQFHG GULYHU DVVLVWDQW V\VWHP HJ DGDSWLYH FUXLVH FRQWURO VWRS	JRWUDIILF MDP DVVLVW
SDUNLQJDLG:LQQHUHWDO
9HKLFOH6DIHW\
&RQVLGHULQJUHFHQWUHVHDUFKGHYHORSPHQWVLWFDQEHH[SHFWHGWKDWIRUIRUDQXPEHURILPSRUWDQW
DFWLYH VDIHW\ V\VWHPV IRUPDO DVVHVVPHQWPHWKRGVZLOO EHFRPH DYDLODEOH'XH WR WKLV FRQVXPHU WHVWLQJ
SURJUDPV (XUR1&$3  DQG DOVR OHJDO UHTXLUHPHQWV DUH H[SHFWHG WR DGRSW VXFK DVVHVVPHQW
PHWKRGV 7KH LPSOLFDWLRQ IRU (/9$ LV WKDW IRU (9 YHKLFOHV  DFWLYH VDIHW\ V\VWHPV LQFOXGLQJ
LQWHUYHQLQJDGYDQFHGGULYHUDVVLVWDQFHV\VWHPVZLOOEHDQLPSRUWDQWSDUWRIWKHUHTXLUHPHQWVEXWIXUWKHU
SURJUHVV LQ SDVVLYH VDIHW\ ZLOO DOVR EH QHFHVVDU\ %RWK IRU DFWLYH DQG SDVVLYH VDIHW\ V\VWHPV WKH (9
FRQFHSWVVKRXOGJHWWKHKLJKHVWUDWLQJVLQ(XUR1&$3W\SHRIVWDQGDUGV
$FWLYHVDIHW\V\VWHPVH[SHFWHGIRUPDUNHWSHQHWUDWLRQLQDQGEH\RQGDQGWKXVWRWDNHRQERDUG
LQWKH(/9$FRQFHSWVLQFOXGH
x $XWRQRPRXVEUDNLQJIRUUHDUHQGLPSDFWVEDVHGRQSUHFUDVKVHQVLQJ)RURWKHUDFFLGHQWVLWXDWLRQVWKH
WHFKQRORJ\LVSUREDEO\QRWPDWXUHHQRXJK\HW
x $XWRPDWLFEUDNLQJEDVHGRQSUHFUDVKVHQVLQJWRDYRLGRUWRPLWLJDWHWKHVHYHULW\RILPSDFWVZLWK
YXOQHUDEOHURDGXVHUVSHGHVWULDQVDQGELF\FOLVW
x 1HZ(6&V\VWHPVLQFDVHHOHFWULFPRWRUVZRXOGGULYHZKHHOVLQGHSHQGHQWO\ZKLFKRIIHUVQHZDQG
DGYDQFHGSRVVLELOLWLHVIRUYHKLFOHFRQWUROLQFDVHDFUDVKZRXOGEHH[SHFWHG
x 'ULYHUPRQLWRULQJV\VWHP'ULYHUGLVWUDFWLRQDQGLQDWWHQWLRQLVDJURZLQJSUREOHPLQSDUWLFXODUGXHWR
WKHLQFUHDVHRIGHYLFHVLQWKHFDUWKDWGLVWUDFWWKHGULYHU9DULRXVPHWKRGVDUHXQGHUGHYHORSPHQWRU
DOUHDG\KDYHEHHQLQWURGXFHGWRPRQLWRUWKHILWQHVVVWDWHRIWKHGULYHUDQGIRUD(9VXFKV\VWHP
VKRXOGEHSDUWRIWKHUHTXLUHPHQWV
x /DQHNHHSLQJV\VWHP6XFKV\VWHPVFDQEHHIIHFWLYHLQSDUWLFXODURQODQHURDGVZLWKRSSRVLQJ
WUDIILF

3DVVLYHVDIHW\SURWHFWLRQUHTXLUHPHQWVLQDQ(9VKRXOGLQFOXGH
x $YHKLFOHVWUXFWXUHWKDWUHWDLQVVXUYLYDEOHVSDFHIRUWKHRFFXSDQWLQYDULRXVFUDVKPRGHV3DUWLFXODULI
WKHYHKLFOHLVVPDOODQGOLJKWWKLVEHFRPHVDFKDOOHQJH7KLVDVSHFWUHODWHVGLUHFWO\WRWKHFRPSDWLELOLW\
ZLWKRWKHUYHKLFOHVLQDFUDVK
x $GDSWLYHUHVWUDLQWV\VWHPVVHDWEHOWVDLUEDJVKHDGUHVWUDLQWV%DVHGRQSUHFUDVKVHQVLQJLQIRUPDWLRQ
IRUWKHPRVWLPSRUWDQWDFFLGHQWFRQGLWLRQVWKHRFFXSDQWVKRXOGEHRIIHUHGDQRSWLPDOSURWHFWLRQ
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x 9XOQHUDEOHURDGXVHUSURWHFWLRQLQFDVHDFUDVKFDQQRWEHDYRLGHG6RPHV\VWHPVWRUHGXFHWKHVHYHULW\
RIWKHFUDVKDUHDOUHDG\RQWKHPDUNHWEDVHGRQSUHFUDVKVHQVLQJ%XWIXUWKHUPLWLJDWLRQRIWKH
FRQVHTXHQFHVRIWKHFUDVKLVQHHGHGXVLQJSDVVLYHVDIHW\PHDVXUHVSHGHVWULDQIULHQGO\IURQW
)XOILOOLQJWKHKLJKHVWUHTXLUHPHQWVFRQFHUQLQJEDWWHU\VDIHW\
0DUNHW)RUHFDVW
7KH PDUNHW VXFFHVV RI HOHFWULF YHKLFOHV V LV ODUJHO\ LQIOXHQFHG E\ WKH DFFHSWDQFH RI FXVWRPHUV
+RZHYHU WKHEHKDYLRXURI FXVWRPHUV LQ DQGEH\RQG LH WKHSRWHQWLDO623RI YHKLFOHVEDVHGRQ
(/9$LGHDVLVGLIILFXOWWRSUHGLFW7KLVFRQFHUQVDOOVWDNHKROGHUVDQGLVRISDUWLFXODULPSRUWDQFHIRUWKH
2(0V
,QRUGHUWRGHILQHD IXWXUHYHKLFOH LW LVKHQFHHVVHQWLDO WRSURMHFW WKHIXWXUHYHKLFOHPDUNHW3RVVLEOH
FKDQJHV LQ FXVWRPHU EHKDYLRXU DQG FXVWRPHU UHTXLUHPHQWV QHHG WR EH WDNHQ LQWR DFFRXQW DV ZHOO DV
HQYLURQPHQWDO DQG VRFLHWDO FKDQJHV FI FKDSWHUȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ$FFRUGLQJO\QXPHURXVVWXGLHVKDYHEHHQSHUIRUPHGZLWKWKHLQWHQWLRQWRJHQHUDWHDPDUNHW
IRUHFDVW IRU HOHFWULF YHKLFOHV%HVLGHV WKH DQDO\VLV RI WKHVH VWXGLHVZLWKLQ(/9$D GHGLFDWHG FXVWRPHU
VXUYH\LVSHUIRUPHGFIFKDSWHU
5HYLHZRI6WXGLHV
$VDILUVWVWHSWRZDUGVDQDSSURSULDWHFRQFOXVLRQIRUWKHWDUJHWHGPDUNHWDERXWVHOHFWHGSXEOLFDWLRQV
UHJDUGLQJWKHIXWXUHRIPRELOLW\DUHDQDO\VHG7KHSXEOLFDWLRQVFRQVLGHUDXWRPRWLYHPRELOLW\LQSDUWLFXODU
DVZHOODVPRELOLW\LQJHQHUDO&XUUHQWDQGIXWXUHGHYHORSPHQWVLQHQYLURQPHQWVRFLHW\DQGUHVRXUFHVDUH
WKHIRXQGDWLRQIRUPRVWRIWKHSUHGLFWLRQV5HVSRQGHQWVWRFXVWRPHUVXUYH\VDUHDOVRWDNHQLQWR
FRQVLGHUDWLRQ
7KHUHVHDUFKLGHQWLILHVIRXUPDMRUWRSLFVFXUUHQWPHJDWUHQGVPRELOLW\VSHFLILFUHTXLUHPHQWVYHKLFOH
VSHFLILFUHTXLUHPHQWVDQGYHKLFOHEX\LQJFULWHULD0HJDWUHQGVLQWUDQVSRUWDVPHQWLRQHGDOUHDG\LQ
FKDSWHUDUHSUHVHQWHGLQVHYHUDOSXEOLFDWLRQV'DQQHQEHUJ	%XUJDUG+RHO]OHWDO
:HLVVHWDO0RELOLW\DQGYHKLFOHVSHFLILFUHTXLUHPHQWVDUHGHULYHGIURPWKHVHPHJDWUHQGV
7KHPHJDWUHQGVDUHQRW(9VSHFLILFEXWUDWKHUDUHYDOLGIRUWKHHQWLUHIXWXUHRISHUVRQDOWUDQVSRUW
7KHVDPHDSSOLHVIRUFXVWRPHUSDWWHUQVVXFKDVFKDQJHVLQPRELOLW\PRGHOV:LQWHUKRIIHWDORU
WKH GHFUHDVLQJ FRPPLWPHQW RI FXVWRPHUV IRU D VSHFLILF PRGHO RU EUDQG :HLVV HW DO  7KH
LQIOXHQFHVRIULVLQJHQHUJ\FRVWDQGWKHDJHLQJVRFLHW\DUHGLVFXVVHGIRUVHYHUDO\HDUVDOUHDG\DQGKDYHD
OLNHZLVHLQIOXHQFHRQDOOIXWXUHYHKLFOHV6KHOO
0RUH YHKLFOH VSHFLILF DUH PDLQWDLQLQJ H[SHFWDWLRQV IRU KLJK VDIHW\ VWDQGDUGV DQG UHOLDELOLW\ $Q
LQFUHDVHLQFRQQHFWLYLW\VHHPVWREHREYLRXVZKDWPLJKWLQFOXGHFRPPXQLFDWLRQEHWZHHQFDUVRUFDUVWR
LQIUDVWUXFWXUH0DWWKLHVHWDO
6HYHUDOVWXGLHVKDYHLQYHVWLJDWHGXVHUH[SHFWDWLRQVIRU(9V,QJHQHUDOFXVWRPHUVVKRZDQLQWHUHVWLQ
SXUFKDVLQJ(9V+RZHYHU WKH DFFHSWHG H[WUD WKDW EX\HUV DUHZLOOLQJ WR SD\ LV DV ORZ DV  IRU WKH
PDMRULW\%HFNHUHWDO
$QRWKHUPDMRU DVSHFW LV WKH VLJQLILFDQWO\ GLIIHUHQW SURFHVV IRU UHFKDUJLQJ WKH EDWWHULHV FRPSDUHG WR
FRQYHQWLRQDOUHIXHOOLQJ+HUHVWXGLHVVKRZDODUJHGLIIHUHQFHGHSHQGLQJRQWKHW\SHRIXVHU)LJVXPV
XSWKUHHGLIIHUHQWXVHUW\SHVDQGWKHLUGHPDQGIRUSXEOLFFKDUJLQJLQIUDVWUXFWXUH
7KH PRVW ZLGHO\ GLVFXVVHG DVSHFW RI IXOO\ (9V LV WKHLU DXWRQRPRXV GULYLQJ UDQJH (VSHFLDOO\ WKH
GLIIHUHQFHEHWZHHQDFWXDOGDLO\UDQJHVNP:DJQHUDQGWKHH[SHFWHGRIIHUHGUDQJHRIWKH
YHKLFOH !NP 5LVKL HW DO GLIIHUZLGHO\7KLV KDV D ODUJH LQIOXHQFHRQ WKH YHKLFOH FRQFHSW
GHILQLWLRQDQGWKHEDWWHU\DVWKHPRVWH[SHQVLYHFRPSRQHQW
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8VHUSURILOH ,QGHSHQGHQWV 2IILFH&KDUJHUV 6WUHHWSDUNHUV
&KDUDFWHULVWLFV *DUDJHZLWKSRZHU
RXWOHWDYDLODEOH

&KDUJLQJDWZRUN
IHDVLEOH

2QO\ SXEOLF
FKDUJLQJSRVVLEOH

'HPDQGIRUSXEOLF
FKDUJLQJ
LQIUDVWUXFWXUH
PHGLXP KLJKORZ

)LJ3XEOLFFKDUJLQJLQIUDVWUXFWXUHGHPDQG%DGVWXHEQHU
&XVWRPHU6XUYH\
,QSDUDOOHOWRWKHDERYHGHVFULEHGDQDO\VLVRIVWXGLHVDSXEOLFFXVWRPHUVXUYH\LVSHUIRUPHGIURP$SULO
WR-XQH7KHJRDO LV WR UHFHLYHGLUHFW LQSXW IRU WKHFRQFHSWGHILQLWLRQ7KHUHIRUJHQHUDOTXHVWLRQV
DERXW PRELOLW\ DUH SRVHG EXW DOVR YHU\ VSHFLILF RQHV UHJDUGLQJ DFFHSWDQFH RI DQG UHTXLUHPHQWV IRU
HOHFWULFYHKLFOHV
7KH PDMRULW\ RI DQVZHUV LV UHFHLYHG YLD WKH SURMHFW¶V ZHEVLWH RQ ZKLFK WKUHH GLIIHUHQW ODQJXDJH
YHUVLRQVRIWKHTXHVWLRQQDLUHDUHDYDLODEOH3DSHUTXHVWLRQQDLUHVDUHIXUWKHUPRUHXVHGLQVRPH(XURSHDQ
FLWLHV
,Q WRWDODERXWSHUVRQVDQVZHUHG WKHTXHVWLRQQDLUH+RZHYHU WKHUHVXOWVFDQQRWEHUHJDUGHGDV
UHSUHVHQWDWLYHDVIRULQVWDQFHDERXWRIWKHUHVSRQGHQWVDUHPDOHDQGKROGDXQLYHUVLW\GHJUHH
1HYHUWKHOHVV WKH UHSOLHVRI WKLV VHOHFWLRQRI WKHSRSXODWLRQ VKRZ WKDW WKHUH LVRQO\ OLWWOHZLOOLQJQHVV IRU
FRPSURPLVHVHJ LQ WKHDXWRQRPRXVUDQJH WKHQXPEHURIVHDWV LQ WKHFDURUFRVWH[WUD7KLVSDUWLFXODU
KROGVIRUWKHILUVWFDURIWKHSHUVRQIDPLO\
8QFRPSURPLVHGDVZHOOLVWKHLPSRUWDQFHRIDFDUIRUOLIHZLWKDQDYHUDJHYDOXHRIRQDVFDOHIURP
±QRW LPSRUWDQW WR± LPSRUWDQW3HUVRQDOPRELOLW\ UHPDLQVDPDMRUGHPDQGDQGRIIHUVSRWHQWLDO IRU
(9VHJLQGHQVHO\SRSXODWHGDUHDVVXFKDVPHJDFLWLHV
:KHQDVNLQJDERXWH[SHFWHGFKDQJHVZLWKUHJDUGWRPRELOLW\DQGWUDQVSRUWDVOLJKWPDMRULW\H[SHFWV
QHZ GULYH FRQFHSWV WR EH LQWURGXFHG )LJ  ,W LV KRZHYHU XQFOHDU LI WKLV H[SHFWDWLRQ LV D QHXWUDO
FXVWRPHUH[SHFWDWLRQRUDOUHDG\LQIOXHQFHGE\WKHSURPRWLRQRIVXFKQHZFRQFHSWVOLNHK\EULGDQGIXOO\
HOHFWULFYHKLFOHVRYHUWKHSDVW\HDUV

   
QHZ GULYH
FRQFHSWV
LPSURYHG
VDIHW\
UDLVHG WUDIILF
YROXPH
PRUH SXEOLF
WUDQVSRUW 
)LJ([SHFWHGFKDQJH
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7KH VDPH KROGV WUXHZKHQ DVNLQJ DERXW DGYDQWDJHV DQG GLVDGYDQWDJHV RI(9V7KHVH TXHVWLRQV DUH
SRVHG RSHQ LH ZLWKRXW VXJJHVWLQJ VSHFLILF UHSOLHV 7KH UHSOLHV DUH QHYHUWKHOHVV YHU\ VLPLODU DQG
UHSUHVHQW WKH WRSLFVZKLFK DUHZLGHO\ GLVFXVVHG DOVR LQ WKH JHQHUDO SXEOLF )LJ  VKRZV WKH FORXGV RI
JLYHQDQVZHUVWRWKHVHTXHVWLRQV
)RU WKHSDUWLFLSDQWVRI WKH VXUYH\ WKHDYHUDJHFDU VL]H LVDPLGVL]HFDU DQG LV WKXV LQ OLQHZLWK WKH
QXPEHURIVHDWV WKDWDUHH[SHFWHG$VVWDWHG LQ WKHSUHYLRXVFKDSWHU WKLV LVDPDMRUGHYLDWLRQIURP
DFWXDOFDURFFXSDQF\UDWHV$OVRWKHH[SHFWHGUDQJHRIWKHPDLQFDURIWKHSHUVRQIDPLO\LVZLWKNP
RUPRUHZD\DERYHZKDWFXUUHQWEDWWHU\WHFKQRORJ\UHDVRQDEO\RIIHUVWRGD\DQGSRWHQWLDOO\LQDQG
EH\RQG 7KLV LV FORVHO\ UHODWHG WR WKH TXHVWLRQ RI UHFKDUJLQJ +HUH WZR GLIIHUHQW VFHQDULRV FDQ EH
LQWHUSUHWHGIURPWKHUHSOLHV$ERXWRQHWKLUGRIWKHXVHUJURXSH[SHFWVDFKDUJLQJWLPHRIQRWPRUHWKDQ
PLQXWHV+DOIRI WKHXVHUVZRXOGDOVREHDFFHSWLQJFKDUJLQJWLPHVRIKRXUV&XUUHQWO\SUHVHQWHG
FRQFHSWV ZLWK TXLFN FKDUJHV HJ XS WR  VWDWH RI FKDUJH DQG RYHUQLJKW FKDUJHV VHHP WR EH
DGGUHVVLQJWKHVHH[SHFWDWLRQVIDLUO\ZHOO

LQGHSHQGHQF\ RQIRVVLOIXHOV
VLOHQWQR HPLVVLRQV
OHVV SROOXWLRQQHZ VHUYLFHV
VDIHU
JUHHQHU FDUV
DFFHOHUDWLRQ
WRUTXHVXVWDLQDELOLW\
OHVV QRLVH
HIILFLHQF\
FRPPRQHQHUJ\ VRXUFH

WRWDOHQHUJ\ HIILFLHQF\
SRRU UDQJH
PRUH H[SHQVLYH
UHF\FOLQJ
FKDUJLQJ HQHUJ\ SURGXFWLRQ
LQIUDVWUXFWXUH
EDWWHU\ WHFKQRORJ\
GXUDELOLW\
UDUHPDWHULDOV
ZHLJKW
OHVV FRPIRUWDEOH
RYHUKHDWLQJ

)LJ([SHFWHGDGYDQWDJHVOHIWGLVDGYDQWDJHVULJKWRIHOHFWULFYHKLFOHV
:LWKWKHFXUUHQWOLPLWDWLRQVJLYHQE\EDWWHU\EXWDOVRWKHHOHFWULFGULYHWUDLQWHFKQRORJ\LWLVRIVSHFLDO
LQWHUHVWZKDWFRPSURPLVHVWKHFXVWRPHUZRXOGDFFHSW)LJJLYHVDQH[DPSOHRIWUDGHRIIVEHWZHHQ
UDQJHDQGVRPHNH\IHDWXUHVRIWKHYHKLFOH7KHUHLVOLPLWHGZLOOLQJQHVVWRFRPSURPLVHWKHDXWRQRPRXV
UDQJHZLWKVDIHW\LQWHULRUVSDFHRUFRVW)RUFOLPDWHFRPIRUWDQGSHUIRUPDQFHFHUWDLQFRPSURPLVHVVHHP
WREHSRVVLEOH

     
UDQJH SHUIRUPDQFH
UDQJH FRVW
UDQJH FOLPDWHFRPIRUW
UDQJH URRPLQHVV
UDQJH VDIHW\
UDQJH IDVWUHILOO

)LJ7UDGHRIIV
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)RUFRVWWKHUHSOLHVWRWKH(/9$FXVWRPHUVXUYH\VXSSRUWWKHRXWFRPHRIWKHVWXG\UHVHDUFKWKDWZDV
GHVFULEHGLQWKHSUHYLRXVFKDSWHU0RUHWKDQRIFXVWRPHUVZRXOGEHDFFHSWLQJQRWRPD[LPXP
DGGLWLRQDOFRVW7KHDYHUDJHYDOXHRIDFFHSWHGDGGLWLRQDOFRVWLV¼
&RQFOXVLRQV
,QJHQHUDO FXVWRPHUVH[SHFW HOHFWULF YHKLFOHV WRSURYLGH WKH VDPHYDOXHV DV FRQYHQWLRQDO FDUV WKHVH
GD\V7KLVFRQFHUQVWKHWUDQVSRUWIXQFWLRQDVVXFKLQFOXGLQJWKHDXWRQRPRXVUDQJHQXPEHURIVHDWVDQG
VSDFHIRUOXJJDJH,QDGGLWLRQLWLVH[SHFWHGWKDWHOHFWULFFDUVDUHPRUHHIILFLHQWPRUHTXLHWDQGHDVLHUWR
KDQGOH5HTXLUHPHQWVVXFKDVVDIHW\DQGFRPIRUWFDQQRWEHFRPSURPLVHGDWDOORURQO\WRDOLWWOHH[WHQW
6WXG\UHVXOWV2(0LQWHUQDOLQIRUPDWLRQDQGWKH(/9$FXVWRPHUVXUYH\DOOFRQILUPWKHVHWUHQGV
,WLVVWLOOYHU\GLIILFXOWWRSUHGLFWLQKRZIDUDVSHFWVVXFKDVXVHFDVHVEXVLQHVVFDVHRULQWHUPRGDOLW\LQ
WUDQVSRUW ZLOO EH FKDQJLQJ RYHU WLPH:LWKLQ WKH KRUL]RQ RI WKH (/9$ SURMHFW WKHVH FKDQJHVPD\ EH
UDWKHUVPDOOEXWDUHDWWKHVDPHWLPHGHSHQGLQJYHU\PXFKRQH[WHUQDOIDFWRUVVXFKDVSROLWLFDOGHFLVLRQV
2QHRIWKHRIWHQFLWHGH[DPSOHVLVOLPLWDWLRQVIRUHQWHULQJXUEDQHQYLURQPHQWVZLWKYHKLFOHVWKDWSURGXFH
ORFDOHPLVVLRQV FI HJ FRQJHVWLRQFKDUJH LQ/RQGRQ7KLV LV LQ OLQHZLWKD VWXG\DERXW(9FXVWRPHU
H[SHFWDWLRQVWKDWZDVSXEOLVKHGDIWHUWKHFRQFOXVLRQRIWKH(/9$PDUNHWIRUHFDVW*ULIILHWDO
7KHDXWRQRPRXVUDQJHRIWKHYHKLFOHLV WKHPRVWLQIOXHQFLQJIDFWRULQWHUPVRIFRQFHSWGHILQLWLRQ,W
DIIHFWVWKHVL]HRIWKHEDWWHU\EHLQJWKHPRVWH[SHQVLYHVLQJOHFRPSRQHQWWKDWQHHGVWREHLQWHJUDWHGLQWKH
YHKLFOH7KHUDQJHZKLFKLVH[SHFWHGE\WKHFXVWRPHUDQGWKHDFWXDOGDLO\UDQJHZKLFKLVGULYHQLQUHDOLW\
GLIIHUZLGHO\$V D FRQVHTXHQFH GLIIHUHQW FRQFHSWVPD\ EH GHYHORSHG LQ WKH ODWHU VWDJH RI WKH SURMHFW
RIIHULQJVLJQLILFDQWO\GLIIHUHQWDXWRQRPRXVUDQJHV
$VIRUDOOYHKLFOHVLWFDQEHVWDWHGWKDWRQO\ZKHQWKHUHTXLUHPHQWVDQGH[SHFWDWLRQVRIWKHFXVWRPHU
DUHPHWLQPRVWLIQRWDOOFDVHVWKHPRGHOFDQEHDVXFFHVV7KHVDOHVSULFHRIWKHHOHFWULFYHKLFOHPD\EH
VOLJKWO\KLJKHUFRPSDUHGWRDFRQYHQWLRQDOFDU7KH(9PXVWWKHQKRZHYHURIIHUDFOHDUEHQHILW IRUWKH
FXVWRPHUE\UHGXFHGXVDJHFRVWRURWKHUDGYDQWDJHVVXFKDVLQQHUFLW\DFFHVV7KHPRVWLPSRUWDQWEX\LQJ
FULWHULD FDQ EH VXPPHG XS WR IXHOHIILFLHQF\ HFRIULHQGOLQHVV VDIHW\ FRVW HIIHFWLYHQHVV DQG GULYLQJ
H[SHULHQFH
'HVLJQ&RQWHVW
,Q DGGLWLRQ WR WKH DERYH GHVFULEHG DVSHFWV VXFFHVVIXO YHKLFOH PRGHOV PXVW DOVR RIIHU DQ DWWUDFWLYH
GHVLJQ (VSHFLDOO\ IXOO (9V RI FRPLQJ JHQHUDWLRQV RIIHU WKH SRVVLELOLW\ WR FRPELQH DQ LQQRYDWLYH
DUFKLWHFWXUH ZLWK DQ RXWVWDQGLQJ GHVLJQ WKDW DFFRPPRGDWHV WKH IUHHGRP JLYHQ E\ D GLIIHUHQW OD\RXW
FRPSDUHGWRFRQYHQWLRQDOFDUV
7KH (/9$ SDUWQHUV KDYH DJUHHG IURP WKH EHJLQQLQJ RI WKH SURMHFW WKDW H[WHUQDO SDUWLHV VKRXOG EH
LQYLWHGWRVKDUHWKHLULGHDVDERXWWKHIXWXUHRI(9GHVLJQ7KXVDSXEOLFGHVLJQFRQWHVWLVRUJDQLVHGDQG
VWLOORQJRLQJDWWKHSXEOLFDWLRQRIWKLVSDSHU'HVLJQVFKRROVDQGLQVWLWXWHVEXWDOVRIUHHODQFHGHVLJQHUV
DQGHYHU\LQWHUHVWHGSHUVRQDUHLQYLWHGWRKDQGLQWKHLULGHDV,QWRWDODSUL]HRIHXURLVGUDZQIRU
WKHWKUHHPRVWSURPLVLQJGHVLJQLGHDV
)RU WKH ILUVW RI WZR SKDVHV RQO\ IHZ UHTXLUHPHQWV IRU WKH GHVLJQV DUH JLYHQ 7KHVH DUH XUEDQ
FRPPXWLQJDVXVHFDVHZKHHOVVSDFHIRUSDVVHQJHUV LQFOGULYHUDQG OLWUHYROXPHIRU WKH
EDWWHU\V\VWHP$PRWLYDWLRQDOPRYLHDQGDGHVLJQEULHIDUHDYDLODEOHRQWKHSURMHFW¶VZHEVLWH,FNHUWDW
DOLQRUGHUWRWUDQVSRUWWKHFRQWH[WDQGPRWLYDWLRQIRUWKHGHVLJQHUV
$MXU\FRQVLVWLQJRIH[SHUWVIURPWKHSURMHFWSDUWQHURUJDQLVDWLRQVDVZHOODVH[WHUQDOGHVLJQH[SHUWV
ZLOO WKHQVHOHFW WKH ILYHPRVWSURPLVLQJ LGHDVDQG LQYLWH WKHPWRSDUWLFLSDWH LQ WKHVHFRQGSKDVHRI WKH
FRQWHVW,QWKDWSKDVHPXFKVWULFWHUUHTXLUHPHQWVZLOOKDYHWREHLQFRUSRUDWHGE\WKHGHVLJQHUVHJWKH
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URXJKSDFNDJHRIWKHFRQFHSWVWKDWZLOOEHGHYHORSHGLQGHWDLOGXULQJWKHIXUWKHUFRXUVHRIWKHSURMHFW$V
DGHOLYHUDEOHWKHGHVLJQHUVQHHGWRSURYLGHYLUWXDO'PRGHOVRIWKHLUGHVLJQV
7KHWKUHHZLQQLQJGHVLJQVZLOODJDLQEHVHOHFWHGE\WKHMXU\DQGDZDUGHGDWWKHSURMHFW¶VZHEVLWH$V
WKHFRQWHVWLVRQJRLQJDWWKHSRLQWRISXEOLFDWLRQQRGHVLJQVFDQEHSUHVHQWHGLQWKLVSDSHU5HDGHUVDUH
LQYLWHGWRYLVLWWKHZHEVLWHRIWKHSURMHFWE\WKHHQGRI1RYHPEHUWRYLHZWKHHQWULHVWRWKHFRQWHVW
,Q)HEUXDU\WKHZLQQLQJFRQFHSWVZLOOEHSXEOLVKHGWKHUHDVZHOO
6XPPDU\DQG2XWORRN
7KHGHYHORSPHQWRIQHZFRQFHSWVIRUHOHFWULFYHKLFOHVLVRQHRIWKHPRVWFKDOOHQJLQJWDVNVIRUIXWXUH
WUDQVSRUW7KH(XURSHDQSURMHFW(/9$LVFXUUHQWO\GHYHORSLQJ$GYDQFHG(OHFWULF9HKLFOH$UFKLWHFWXUHV
7KH JRDO LV WR H[SORLW QHZ IUHHGRPV LQ GHVLJQ DQG WR UHDOL]H HIIHFWLYH OLJKWZHLJKW PHDVXUHV $
SUHUHTXLVLWH IRUD WDUJHWRULHQWHGFRQFHSWGHYHORSPHQW LVDFRPSUHKHQVLYHXQGHUVWDQGLQJRI WHFKQRORJ\
RSWLRQV DW WKH DQWLFLSDWHG 623 $ IRUHFDVW IRU DOO UHOHYDQW WHFKQRORJLHV ZDV GHYHORSHG E\ WKH SURMHFW
SDUWQHUVDQGVXPPHGXSLQWKLVSDSHU
%HVLGHVWKHIXOOH[SORLWDWLRQRIWHFKQRORJ\RSWLRQVDFRQYLQFLQJGHVLJQLVFUXFLDOIRUWKHVXFFHVVRID
YHKLFOHPRGHO&RQVHTXHQWO\DGHVLJQFRQWHVWKDVEHHQGUDZQE\WKHSURMHFWDQGLVVWLOOXQGHUZD\DWWKH
SXEOLFDWLRQRIWKLVSDSHU'HVLJQHUVDUHLQYLWHGWRVKDUHWKHLULGHDVDERXWIXWXUH(9GHVLJQDQGKDYHWKH
FKDQFHWRVHHWKHPLQFRUSRUDWHGLQWKH(/9$FRQFHSWVZKLFKZLOOEHGHYHORSHGIURP-DQXDU\DQG
XQWLOWKHHQGRIWKHSURMHFWLQ0D\
7KUHH GLIIHUHQW YHKLFOH FRQFHSWV LQWHQG WR EHVWPHHW FXVWRPHU UHTXLUHPHQWV ZKLOH DW WKH VDPH WLPH
IXOO\H[SORLWLQJWKHWHFKQRORJ\RSWLRQV$VLWLVVWLOOYHU\GLIILFXOWWRGHVFULEHFXVWRPHUUHTXLUHPHQWVIRU
DQGEH\RQGWKHFRQFHSWVPD\EHDGGUHVVLQJGLIIHUHQWXVHUQHHGV7KHGHYHORSPHQWSURFHVVZLOOEH
DFFRPSDQLHG E\ D FRQWLQXRXV DVVHVVPHQW RI WKH FRQFHSWV LQ DOO UHOHYDQW IXQFWLRQV DVZHOO DV UHVRXUFH
GHPDQG
$FNQRZOHGJHPHQW
7KH(/9$SURMHFWLVFRRUGLQDWHGE\WKH,QVWLWXWHIRU$XWRPRWLYH(QJLQHHULQJLNDRI5:7+$DFKHQ
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